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The interaction between the ripper tip with the dynamic cutting edge on the pneumatic accumulator and the soil massif is
studied. The rheological models of the soil and the patterns of its deformation under the action of the working element are
analyzed. The tip movement speed, the change in cutting force and the formation of the compressed zone for different soil
categories are determined by analytical and experimental methods. It’s established that the tip use with the dynamic cutting edge
reduces peak and average loads, reduces friction and vibrations, which increases energy efficiency and extends the resource of
the working element. The greatest effect is achieved when developing light and medium-density soils, and load stabilization is
preserved for strong soils.
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Introduction. Modern transport construction, mining and agriculture are characterized by
significant volumes of earthworks that must be carried out throughout the year, including in winter. In
conditions of increased energy consumption and intensive wear of working tools, the use of highly
efficient machines and technologies is of particular relevance. This leads to a constant search for
solutions aimed at increasing labor productivity, reducing fuel consumption and increasing the
resource of working elements [1-3].

A wide range of machines are used to perform earthworks in various industries:

* in construction — bulldozers, graders and excavators for cutting, moving and planning soils;
milling drums of road machines for removing old asphalt pavement or preparing the base for laying
new road pavement;

* in agriculture — plows and deep cultivators for basic tillage; cultivators and disc harrows for
crushing clods and destroying the compacted layer of the arable horizon;

* in the mining industry — equipment for excavation of soft rocks, clay and sand deposits; road
headers and rotary excavators for work in heterogeneous and difficult soil conditions;

* in specialized machines — drilling rigs for the arrangement of soil piles and wells; trench
excavators for laying underground communications; road soil stabilizers for mixing the soil base with
binders (cement, lime) in order to increase its strength.

At the same time, the experience of operation shows that the use of machines with traditional working
elements does not always provide the necessary pace of work performance and the achievement for
modern productivity indicators [4]. This encourages the improvement of existing structures, the
development of new types of working elements and the introduction of comprehensive technological
solutions aimed at intensifying the processes of developing, moving and compacting soils.

© Prystailo M.O., Balaka M.M., Polishchuk A.G., Kozak A.A., Honta LP.



326 ISSN 2410-2547
Omip matepiainis i Teopis cnopyy/Strength of Materials and Theory of Structures. 2025. Ne 115

Analysis of publications. The proposed solution to the problem is based on establishing the
regularities of the process of destruction of the soil massif by the ripper tip with the dynamic cutting
edge with the pneumatic accumulator (DCEP). This design ensures the accumulation of potential
energy during soil crushing, with its subsequent transformation into kinetic energy and directed to the
soil massif at the optimal moment of time.

The developed ripper tip is fundamentally different from the well-known analogues, which makes
it possible to achieve a new technical effect — increasing the productivity of the soil development
process while reducing the specific energy costs for the technological operation. Thus, the design
improvement is based on the task of increasing the efficiency of using the working machine by
optimizing energy processes.

The process of energy accumulation and transformation is realized due to the special structure of
the tip (Fig. 1). The design includes a rack with a tip 1, which has the movable (dynamic) cutting edge
2, articulated by the pin 3 with the rod 4 of the pneumatic accumulator 5. During operation, the rod
moves the cutting edge by the value x, which ensures the accumulation of energy and its metered
transfer to the soil massif [5].

The proposed technical solution allows you to reduce the maximum values of cutting resistance due
to the preliminary energy pulse, increase the uniformity of the load on the working unit, which has a
positive effect on its durability, as well as ensure the stability of the cutting depth in heterogeneous soil
conditions.

Purpose of the paper. The purpose of the study is to establish and reveal the mechanical processes
occurring in the stressed-deformed contact zone of the working medium with the ripper working
element, equipped by tip with the dynamic cutting edge and the pneumatic accumulator.
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Fig. 1. Ripper tip with dynamic cutting edge on the pneumatic accumulator:
(a) — working position with cutting edge; (b) — sharp knife

Research results. To achieve this goal, it is envisaged to create a visual representation of the
nature of changes in stresses and deformations of the medium depending on its physical and
mechanical properties during the mechanical impact of the working element. This approach is
implemented by applying rheological models that make it possible to describe the main patterns of
interaction of the working element with the soil massif.

The medium is considered in the form of simplified mechanical systems, which consist of
individual elements or their combinations (Table 1), which simulate the basic physical and mechanical
properties of the soil and reproduce the nature of the stress-strain state under the influence of external
loads [6]. This approach allows you to conduct an analytical and experimental analysis of the behavior
of the soil massif and substantiate the parameters of the design of the dynamic cutting edge.

Table 1
Main types of rheological models

Model name Scheme Basic equation Nature of deformation

Hooke’s model _’_fu' ,u‘.' o= Ee Elastic, fully reversible deformation,
" € proportional to stress
, v Viscous, irreversible deformation, proportional
Newton’s model T=N— L
dz to the rate of load application
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The rheological model of an elastic material (Hooke’s model) is presented in the form of the spring,
which characterizes the property of elasticity and describes the proportional relationship between stress
and strain (Table 1). The graph of the stress dependence on strain at loading and subsequent unloading
is linear in nature and is determined by the well-known Hooke’s law:

o=Fg¢,
where E — elasticity modulus (Young’s modulus); ¢ — relative deformation.

The model of the perfectly viscous element (Newton’s model) is considered as a system consisting of
the piston that moves inside the cylinder filled with liquid, with thin calibrated holes. At the same time,
the work of external forces is spent on overcoming the forces of internal friction of the liquid and
completely passes into heat, which makes the process irreversible. Such a model reproduces the behavior
of environments where deformation is of the high-speed nature and depends on the load action time.

In this model, the stress is proportional to the strain rate gradient (load application rate):

o dv
n dZ b
where 1 — dynamic viscosity factor; v — movement speed; z — distance.

The parallel combination of these models (the so-called Maxwell-Voigt model or other combined
viscoelastic schemes) makes it possible to describe the properties of real media, in particular air in the
pneumatic accumulator and the soil massif in a state of stress-strain interaction [7-9]. This approach
allows taking into account both the
elastic and viscous components of
the deformation process, which is
important for optimizing the
parameters of the dynamic cutting
edge. A rheological model of the
interaction between the ripper tip
with DRCP and the soil massif has
been compiled  with the
assumption that the metal elements
are not deformed (Fig. 2).

The following rheological
equations  correspond to the
models of deformity of elementary
volumes between the ripper tip
with DCEP and the soil massif,

-

Fig. 2. Rheological model of interaction between the ripper tip with dynamic
cutting edge on the pneumatic accumulator and the soil massif

respectively
FA:J-EA£&A+;_A&AJJS; (1)
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where E,, E; —respectively the modulus of deformation of air and soil; p,, p,; — respectively the

factor of internal friction for air and soil; & ,, &;, 13 > &G — relative deformations and deformation
velocities of air (the ripper tip movement with DCEP) and soil, respectively [10].

The changes that occur with rheological models during soil cutting are determined based on the
scheme.

If the time ¢ is counted from the moment when x = x; , then for any ¢ within the contact

Ax+Al=AL: 3)
H_FA_ZZE, (4)
dt dt dt

where Ax — relocation of the ripper tip with DCEP, Al — soil deformation.
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€4 Ey +&AHA =EgEG + ‘%G“G;

_dljdt _dl Al
*odx/dt dx Ax
Taking into account the depth factor medical history
ky (EGAL+nGLT,)
P, (EAAL + HAL)

X

)
(6)

0

where P, — pressure in the pneumatic cylinder, 7, =1/n,, — period of soil chipping, the value is the

inverse of the average frequency for oscillations of the soil cutting force maximums 7,,

My =—0
M0,63..0,87

where 7, =(2,0...2,8)V/H — average frequency of fluctuations in the soil cutting force; H — depth of

loosening; V' — the rate of tip introduction.

When calculating the rate of soil deformation in accordance with the theorem on the average

integral value, the average value AL and L .
AL=1y+Xx,,

@®)

since it is accepted that oo =45°,A =0 then cosA =1, then [, =/,.

Knowing the tabular values of E,, E;, 1, , 1 and specifying the geometric parameters, K, is

determined, then the displacement of the ripper tip with DCEP is determined Ax
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Fig. 3. Dependence graphs of the ripper tip movement with DCEP
on tip width at 10 MPa pressure in the pneumatic accumulator
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Fig. 4. Dependence graphs of the ripper tip displacement with DCEP on pressure
in the pneumatic accumulator at 0.1 m tip width

Ax = _AL ) )

|(1 - Kx )|
On the basis of the (9)
equation solution, the

dependence graphs of the ripper
tip movement with DCEP on the
geometric and physical-
mechanical parameters of the
loam cutting process are
constructed (Fig. 3, Fig. 4). The

analysis of the obtained
dependencies allows you to
determine the optimal

parameters of the design and
operating modes of the ripper
tip, which provide an increase in
the efficiency of destruction of
the soil massif with minimal
energy consumption.

Therefore, as a result of the
ripper tip movement with DCEP,
potential energy is accumulated
by compressing air in the
pneumatic accumulator

Up =Py, (10)

where P, — force for erecting

the cutting edge.
At the moment of chipping
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the soil, the force Pj is directed to zero, as a result of which the ripper tip with DCEP tries to take its
initial position when x =X, and the potential energy U, is converted into the kinetic energy U of
the ripper tip motion with DCEP

.y 2

M.
UP=UK=%> (11

where V. — speed of the ripper tip with DCEP.
Knowing the mass of the ripper tip with DCEP M ;. :
Mpic = Lpic : bpic “Cpic ppic > (12)
where pic — density of the material ripper tip with DCEP (steel), from the expression (11) the ripper

Voic :4/2UP/MP[C . 13)

tip speed is determined (Fig. 5, Fig. 6)
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Fig. 5. Dependence graphs of the ripper tip movement speed with DCEP on pressure
in the pneumatic accumulator at from 0.01 to 0.1 m tip width with 0.01 m step

Calculations of the ripper tip s
movement speed with DCEP in soils of
seven strength categories, with similar e
tips with a width of by =0,01m to P —

by =0,1m, with a step of 0.01 m, o gy

changing the pressure in the pneumatic e
cylinder P, from 6 to 15 MPa, with a

step of 1 MPa, were carried out (Fig. 7). 0
It has been established that the o > g
ripper tip speed with DCEP
numerically depends on the soil
category and rapidly decreases with an
increase in the width of the tip. It
acquires a value of more than 9 m/s
(which indicates the presence of signs o
of a dynamic process of soil
destruction) [11, 12]. »

Since the ripper tip with DCEP ”
provides the application of a load at a = - ——
speed exceeding 9 m/s, it is advisable
to consider its action from the
standpoint of the theory of strain wave
propagation. This approach allows you
to more accurately describe the nature
of the interaction of the working

Ve ims)

Fig. 6. Dependence graphs of the ripper tip movement speed with DCEP
on tip width at 10 MPa pressure in the pneumatic accumulator

~

Fig. 7. Dependence of the ripper tip speed with DCEP on soil strength
categories at 10 MPa pressure in the pneumatic accumulator
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element with the soil massif, taking into account the inertial effects and the dynamic component of the
destruction process.

The notations used in the following formula are given in accordance with [13, 14], which ensures
the correctness of the reproduction of the mathematical model and the ability to compare the results
obtained with known theoretical solutions

Uk, S
p=—2— (14)
2vk,

Equating the frontal surface area of the ripper tip to the contact area

§=§,.=cb,and v=7,

pic?
where ¢ — thickness of the ripper tip on which the cutting edge is located; b — width of the ripper tip
on which the cutting edge is located (tip width) from the expression (14), the dynamic cutting force
with the cutting edge is obtained
ukDSpic
=—) 15
G (15)

pic™ta

, E;(1-
where u = % — strain wave speed; kj, =1 GVPZ-C2 + 06565 — specific dynamic resistance
cU+p)l—2p

of the soil; k, — factor that takes into account the sharpening angle of the working element; p — angle

D

of friction for the soil against the knife; /, — mass density of the soil; o, — tensile strength of the soil
under static compression; €, — dynamic deformation of the soil.

Thus, P, ripper tip with DCEP is moved under the force action, compressing the air in the
pneumatic accumulator, and when returning to its original position, it sharply acts on the soil element
(hits) with a P, force.

The energy of a single impact of the ripper tip with DCEP on the soil was determined
2

M ic 4 ic
pie =5 (16)
. Knowing the energy of a
- single impact, the
” penetration depth of the
— ripper tip with DCEP into
= the soil in one blow &,

and the duration of the 7.,

shock pulse were
determined
_ Z'Epic 'Vpic 'k(x . (1 7)
. . pic — 4
Fig. 8. Depen_dence graphs qfthe compressed soil zone ]epgth on pressure u'kD 'Spic
in the pneumatic accumulator at 0.1 m tip width

oy =T e
Spic'(u_Vpic)'kD

o (18)

-— From here, the length of

= G - the compressed soil zone

0 due to the load in the ripper
tip zone is determined (Fig.

| I 1) 12 4 | 6 MM

8, Fig. 9)
NN [TPY IO N O 10NN ) 030000 M _
| S lnic (M) lPiC’ _(u_Vpic)'tship . (19)
Fig. 9. Dependence of the compressed soil zone length on the soil strength categories The Compressed zone of

at 10 MPa pressure in the pneumatic accumulator the soil, formed as a result
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of the dynamic action of the ripper tip with
DCEP, is not limited by the direction of
propagation of the deformation wave.
According to Coulomb’s law, under which the
complex stress state of the soil is also subject,
in addition to the main normal stress & in the
soil, there is also the main lateral stress G,
which acts in the direction perpendicular to the
direction of wave propagation and forms a
compressed zone of the soil. Lateral pressure

c a
ks =— factor for clay soils it is in the range
c

of 0.11-0.82, for hard soils 0.25-0.37 [6, 15].
Thus, it is advisable to consider the force
of cutting the soil with the ripper tip with the
dynamic cutting edge with the pneumatic
accumulator according to the principle of superpositions of influence [5]

Fig. 10. Stress distribution scheme in the soil under the action
of the ripper tip with dynamic cutting edge

. 1 .
Py=Fy —(Pp,—Fy s1nk)l—lpic sin. . (20)
Substituting the elements of the components into the expression (20), we get a mathematical model
for determining the force of cutting the soil with the ripper tip made of DCEP

ukpS .
PP B AxD, sink}lllpic sin . @21)

pic™ta

Py =m Hb, +2m H* +2m; H —{
c

The calculation of soil cutting of these soil categories is carried out according to the classical
formula of static cutting by Yuri Vetrov and according to the expression (20), the results are presented
in (Fig. 11).

Note. B, (N) is the force of cutting soil with an ordinary tip. P (N) is the force of cutting soil by
ripper tip with the dynamic cutting edge on the pneumatic accumulator.

The analysis of the experimental and calculated data obtained made it possible to identify several
characteristic zones of change in cutting force when using the tip with the dynamic cutting edge on the
pneumatic accumulator:

1. Initial section (= 50-70 kPa): in both cases, there is an increase in cutting force; a local
maximum is detected ~ 8-9-10° N for B, and = 7-10° N for Py ; already at this stage, it is noticeable

that the use of the dynamic cutting edge reduces peak loads.

2. Middle zone (= 70—-170 kPa): both curves show a decrease in cutting force to minimum values
(= 4-5-10° N); the values are slightly higher for B, than indicating lower cutting resistance when
using the pneumatic accumulator for F.

3. Transition zone (= 174 kPa): there is a sharp increase in cutting force; the climb is more rapid
for B, while P provides a smoother growth pattern; this indicates the ability of the pneumatic
accumulator to smooth out the dynamic load surge, reducing vibration effects on the working element.

4. High pressure zone (= 6001200 kPa): the curves reach a conditional plateau £, = 66-10°N,

P = 63-10° N; the difference is ~ 3-10° N, which corresponds to the saving of cutting force of about
5%.

Thus, the use of the ripper tip with DCEP ensures a reduction in peak loads on the tool; reduction
of average cutting force by 3—-10% depending on pressure; increasing the energy efficiency of the
process, as well as reducing the wear of the working element by mitigating dynamic shocks and
vibrations.
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Fig. 11. Comparison of the force to overcome soil resistance to cutting by
conventional sharp tip and ripper tip with DCEP when cutting soils of
different strength in the range from 54 to 1288 kPa

N

Fig. 12. Percentage value of force reduction to overcome soil resistance to
cutting by tip with DCEP when cutting soils of different strength in the range
from 54 to 1288 kPa

tillage quality.

Additionally, the dependence of
the relative decrease in the cutting
force on the soil category is
calculated (Fig. 12). The analysis
shows that the maximum effect is
observed during the development
of light soils (category 1), where
the reduction in cutting force
reaches = 50%. For soils of
medium density (categories 2-3),
the effect is 20-30%, while for
heavy soils (categories 5-7) it
decreases to 2—5%. This indicates
that the use of the ripper tip with
DCEP is most appropriate in light
and medium density soils, where
significant energy savings in the
cutting process and an increase in
the resource are provided.

Conclusions. The cutter use
with the dynamic cutting edge on
the pneumatic accumulator allows:

— reduce peak loads, as the
pneumatic accumulator smooths
out fluctuations in cutting force and
mitigates dynamic shocks,
reducing maximum energy costs;

— improve chip formation and
uniformity of soil grinding, which
reduces friction between the tool
and the soil and reduces heat loss;

— improve energy efficiency
by accumulating some of the
oscillating energy and directing it
to useful cutting operation;

— reduce the overall energy
intensity of the process by reducing
the average cutting force, friction
and vibration losses, which ensures
energy savings, process stability,
increased tool life and improved

Thus, the ripper tip with the dynamic cutting edge on the pneumatic accumulator makes the soil
development process more productive, energy-efficient and reliable, especially in conditions of heavy

or heterogeneous soils.
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Ipucmaiino M.O., banaka M.M., Ioniwyx A.I"., Maxcum ok O.B., ['onma LII.
ONTUMI3ALIA NPOLECY PI3AHHSI IPYHTY HAKOHEYHUKOM PO3MYLIYBAYA 3 JUHAMIYHOIO
PIXKYYOIO KPOMKOIO

VY po6oTi MpOBEIEHO AOCTIHKEHHS! MEXaHIYHUX TIPOIIECIB B3a€MOJIIT HAKOHEYHHKA PO3IYIyBaya 3 JUHAMIYHOIO PKYYOIO
KPOMKOIO Ha ITHEBMOAKYMYJISITOPI 3 IPYHTOBAM MAacHBOM. PO3IIIsIHYTO peosorivni Moeni IpyHTy, IO OIUCYIOTh HOTo NPy KHI Ta
B’SI3KONPYKHI BIIACTUBOCTI, a TaKOX 3aKOHOMIpHOCTI nedopmanii mijg niero podoyoro oprany. Ha ocCHOBI moeqHaHHS
AQHAJITUYHUX METOIB 1 EKCIIEPUMEHTAIBLHUX BUIPOOYBaHb JOCII/PKEHO IIBUIKICTh NMEPEMIllIeHHS HAKOHEYHHMKA PO3IyIyBaya,
JMHAMIKy 3MiHM CHJIM i3aHHS Ta XapakTep (GOpMyBaHHS CTHCHEHOI 30HM JUISl Pi3HUX KaTeropii rpyHTy. OTpuMaHi pe3ynbTaTH
JIO3BOJIMII BCTAHOBUTH 3aKOHOMIPHOCTI BIUTMBY ITapaMeTpPiB HAKOHEYHHMKA PO3MYIIyBaya HAa CHIOBI HABAHTAXXCHHS, CHEPTeTHYHI
BHTPAaTH Ta CTaOINBHICTH TEXHOJOTIYHOro mporecy. Iloka3zaHo, [0 BUKOPHCTAaHHS HAKOHEYHWKA 3 AMHAMIYHOIO PIKYYOIO
KPOMKOIO Ha MHEBMOAKYMYJISITOPI CIIpUsi€ 3HW)KEHHIO MIKOBHX 1 CEpeHIX HaBaHTa)KeHb, SMEHIICHHIO CHJI TePTs i BiOpariitHux
KOJIMBaHb, 10 BeJe 0 MiJBUILICHHS CHeproe(GeKTUBHOCTI, 3MEHIICHHS JUHAMIYHUX yJAapiB i 301JbIICHHS pecypcy poOodoro
oprany. BcTaHoBIEHO, 10 MakCHUMalbHHUN e(eKT HocsAraeThesl MiJ 9ac po3poOKHU JIETKHX 1 CepelHboi HIITBHOCTI IPYHTIB, e
CIOCTEpIraeThCsi HaWOIIbIIE 3HWKEHHS CHJIM Pi3aHHS Ta HaiBHINA CTaOUIBHICTD mporecy. [ MIlIHUX IPYHTIB €HEepreTHYHUI
e(eKT MEHII BHPa)XCHHH, OJHAK MO3UTHBHHH BIUIMB Ha CTallmizamilo HaBaHTaXKeHb 30epiraerbes. IlpakTHuHe 3HAYCHHS
OTPUMAHUX PE3YJIBTATIB MOJIATA€ y MOXKIMBOCTI BIOCKOHAJICHHS KOHCTPYKIIH HAaKOHEYHHWKIB PO3MYyIIyBadiB, OOIPYHTYBaHHI
paLiOHAIBHUX PEXKHUMIB iXHBOI POOOTH, a TaKOXK MiABUIICHHI e(PEeKTUBHOCTI TEXHOJIOTIYHHX IMPOLECIB MiJ Yac BUKOHAHHS
MiJrOTOBYMX POOIT Y TPAHCIIOPTHOMY Ta MPOMHUCIOBOMY Oy IIBHUIITBI, FPHUYOI00YBHIN POMUCIIOBOCTI Ta arpapHOMY CEKTOPI.

KuawouoBi cioBa: JuHaMiyHa piKyda KpPOMKA, ITHEBMOAKyMYJSTOp, 3€MJISHI pPOOOTH, pEoJoriyHa MOJENb,
eHeproe()eKTHUBHICTh, CHJIA Pi3aHHs, IPYHT, HAKOHEYHHK PO3ITyITyBaya, iHTeHCH(IKallis Iporecy.

Prystailo M.O., Balaka M.M., Polishchuk A.G., Kozak A.A., Honta I.P.
OPTIMIZATION OF SOIL CUTTING PROCESS BY RIPPER TIP WITH DYNAMIC CUTTING EDGE

The mechanical processes of interaction between the ripper tip with the dynamic cutting edge on the pneumatic accumulator
and the soil massif are investigated in the paper. Rheological models of the soil are considered, describing its elastic and
viscoelastic properties, as well as the regularities of deformation under the action of the working element. The movement speed
of the ripper tip, the dynamics of changes in cutting force, and the formation nature of the compressed zone for different soil
categories are investigated based on the combination of analytical methods and experimental tests. The results obtained allowed
us to establish the influence regularities of the ripper tip parameters on power loads, energy consumption and stability of the
technological process. It is shown that the ripper tip use with the dynamic cutting edge on the pneumatic accumulator contributes
to the decrease in peak and average loads, the decrease in friction forces and vibration oscillations. This leads to an increase in
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energy efficiency, the decrease in dynamic shocks and the increase in the resource of the working element. It’s found that the
maximum effect is achieved during the development of light and medium-density soils, where the greatest reduction in cutting
force and the highest process stability are observed. The energy effect is less pronounced for strong soils, but the positive effect
on load stabilization is preserved. The practical significance of the results obtained lies in the possibility of improving the
designs of ripper tips, substantiating rational modes of their operation. It also aims at increasing the efficiency of technological
processes during preparatory works in transport and industrial construction, mining and the agricultural sector.

Keywords: dynamic cutting edge, pneumatic accumulator, earthworks, rheological model, energy efficiency, cutting force,
soil, ripper tip, process intensification.

V]IK 621.878.23:681.3

Ipucmaiino M.O., Banaka M.M., Ioniwyx AJT., Koszax A.A., Iowma III. Ontumizaumisi mpouecy pi3aHHs IPYHTY
HAKOHEYHHKOM PO3NYIIyBaya 3 TUHAMIYHOIO PiXKy4or0 KpomKolo // Omip MaTepiaiiB i Teopist CIOPYA: HAayK.-TEXH. 30ipHUK.
—K.: KHYBA, 2025. — Bumn. 115. — C. 325-334.

Hocniooceno pobomy HakoHeuHUKA poOnyuysaua 3 OUHAMIYHOIO DINCYHOIO KPOMKOI Ha nHesemoakymynsmopi. Ilokasano
3HUDICEHHA NIKOBUX HABAHMAICEHD, CUNU PI3anHs ma 8ibpayitl, wjo nidguwye eHepeoepekmusHicmy i pecypc pobo4ozo opeamy.
Hatibinvwuii epexm npu ybomy cnocmepieaemuvcs Ha 1€2KUX i cepedHbol WibHOCI IPYHMAX.

Taba. 1. In. 12. Bi6miorp. 15.

UDC 621.878.23:681.3

Prystailo M.O., Balaka M.M., Polishchuk A.G., Kozak A.A., Honta I.P. Optimization of soil cutting process by ripper tip with
dynamic cutting edge // Strength of Materials and Theory of Structure: Scientific and technical collected articles. — K.:
KNUCA, 2025. — Issue 115. — P. 325-334.

The ripper tip operation with the dynamic cutting edge on the pneumatic accumulator are investigated. The reduction in peak
loads, cutting force and vibrations are shown, which increases energy efficiency and the resource of the working element. The
greatest effect is observed on light and medium-density soils.

Table 1. Fig. 12. Ref. 15.
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